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CQUPARTSON OF VARYOUS SIGHTTNG LETHODS XN AEPIAL COMBAT ~ .. = -,
1Lt Guards Hafor To Vigdorev, 1 © .
INTRGDUCTION

" The problen of the advantages inherent inaoy -one met¥od of sighting in." " . »

aerial combat camnot be solved by mathematics alene. R SR
A compariscn of the various possible methods of sighting utilizing &0

Konautomatis eigting device is more difficult than it may seam at first, e

Advanteges and Gleadvantages zre imherent in each method, The mechanical . §

approach to the problem of comparison is especially dangerous. If wo divide .

sighting into soparate elements, calculate the errors arising from eack one,

teke their sum by means of a mathematical apparatus utilizing the law of

probebility, and from the result determine the sighting, tho magnitude of

total arror with each method wil) appear lorge. -Af, studying the magnitude

of error in the measwement of the separate factors oi an aerial encoumier,

we disregard given practices and assume that all errors are mitually ine

devendent, all the ensuing calculationsg will have no actual basis. The ad-.:

vantage of the law of probability, by means of vhich we usually determine

the aun total of true daviations of a shell from t)e center of sighting, -

is that it permits the utilisation, within its owm mathenatical spperatus

of the observation results. )

In dotermimng the factors wnich enter the probienm of the evaluayion
‘of eny certain method of sighting, it is nocessary thot the problen te oom-
pletely allied vith actual practices. It therefore follcws that an azrecial-
1y acute study of the interrelation of errors be made to slow vhether the
method in question has the tendency to permit recurrent exrors of a definite
magnitude which etewptly change the whole picturz of caloeulaticn, Ouly Ly
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such sn approach, in which the law of probebility is wtilised in comparing
methods of sighting, are we afforded an answer near the truth. -

" For ammpie, _g_,cmrade Pugachev's stud:lcs.
Vet ods ating rinl Fy ‘

] 1945), we have found a very eurprising deduc ion conecerning

plete superioz-ity of the fuselage method of calculating lead over the method
of calculating in thousandths with the aid of a ring-type sight. The truth
of the matter is that in practice the fuaelage method of eighti:g is most im-
prractieal 5.n dis't.nnces over 200 meters. .

What, then, is the Teason for this paradox? We d1d not seck the enswer
among mathematical errors. " We comsidered that Pugachev's error ouvght to be
looked for in the principasl formulation of the probiem, in the formulss used,
and in his actually unjustified hypotheses on the laws of distribution of
error, as woll as in the incomplete useo? practical data.

Precisely at this point we decided to do again the work which had bheen
done and state our own opinion on the problem of utilizing a glven mothod of
sighting in aarial combat.

: Naturelly, the present article makes no preuentions of being :lnfallible
and is in’ point of fact e diocussion. - _ :

¢

I, - FRACTICAL EVALUATION OF THE FUSELAGE LMH(D
AHD THE RING-TYPE SIGHT METRGD - ..

' Ve shall nnalyze the thea:ls of (’hnpber I, "Charactecd.sucs of the thhoda
of vmml Calcnlatione oi‘ baaa in an Aerial Encounter,” of Pugechev'n work,:
c 2 ;‘"Hl-', a:

r.’u:g-type sight for detems.ning fereahortenﬂng of the targct mro, the auf,hor

stotess O...detexminetion of the foreshortening of en airceraft, especially ' :

foreshortening of rres:nb-day streemlined airersft, offers us great aifficulty:

The aerial gummer can learn o dstect foreshortening correctly only by thoroughe.

1y memorising the foreshortening tables for all types of enemy aireraft. 1In. - .=«

Q-dzr to recail these tables, the gunnﬁ: must possoss a very retentive wamiry.t

his thepls is not altogether valid thor than instruct the gummer 3m da~ 000 5

tocting the foreshortening of an enemy aircraft, we put greatar stress upor his i
" vealizing thst the Jforeshortening of an sirerat't i that angle formsd by the - "

target craftts line of flight with ths 1ino of sight directed against tho tar-

get craft rether than a projection of a certain type of aircraft in the firing

area. Ve shall validate this thesis by citing mmplea of various types of -

aireraft with varied foreshortening. . .

For examplc, a foreshortening of 0/4 indicatss that the enemy aircraft.
mover in a line toward or amy from the gunner in such fashion that the angle -
between the line of flight of the target and the linc of siphting directed
agadnst the target oquals O dogrees or 180 degrees. & foreahortening of 1/4
Indicates that & smell pert of the aircraftts :Neeuga or tall structura ap-
pears in one-third of the £ield of vialsen, or drups velow the periphsry of the -
sircraft {tho so-called "pitching®), or that it 1a projected ahove 1t with o
small syete between, ole.

Furthegunne‘rwho is directing firetomrdtherearhmiaphsre vit! & iy
52 - . :
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nobile gun, the foreshortening of an airereft is computed so that if an enemy
eraft attacks the gummer's eraft directly or a neighboring craft in battlo
formation the enemy craft will have an approximate foreshortening of 0fho 1If
the enemy craft attacks that craft ninth in line from the gunner, then the
eneary s foreshortening vill be 1/4. etc. ,

It is not nscessary to recall foreshortening as a characteristic of a
certain type of aircraft. Thus, we feel that the difficulty in detecting the
foreshortening of an aireraft has been overoetimated. It is unnecessery to | .- .
domand that sn aerial gunner poesess an extremely retentive memory, bub rather "
that he understand fully #hat foreshortening ls, end that he undevgo constant =

4n ite determinntion, based on concrete oxanpies of aircraft types .
and not on terget craft type. o

Detection of a targetts foreshortening 18 rot required with the ﬁmg"gﬁe’ L e
method of £iring, which fact constitutes its wmdenicble superlority. SOl e

The author statest "The disadvanmtage of the fugolage method is the nce- .
esgaity of determining distance, since 14neer lead varies sharply with a change
4n distance.® But in the authorfs opinion the problem is simplified by the
fact that the 1inear lead varies proportionelly with the distence. Therefore,.
the gurmer neods only %o remember the number of lengthe for firing at a dis- -
tance of 100 meters for a vertain tyre of airereft, and increase this mmber

. of lengthe proportionally with the distance. e shell analyza in detail the .-
degres to which the necessity for a rerdodic change for every 100 meters of -
the distance affects tho accuracy of sighbtinge . . .o . U

‘ A8 en example, let us take the case of fire directed agalnst a: fighter
aircraft, whose fuselage length Pugachev asoures to be sbout 8 meters.  The.
basic data for the computation are obtained as follows: Voo = 540 kn »

150 meters/sec (TH: Vy.= V. Y3 initial velocity V, = 3%0 meters/eecs To=
deved ballistic cceffitlent BTE®S, Tho linear lead is dotermined by the fa-
miliar formulas L = Vy, ot ggig_‘ « D (IN: Vgu = Vgumner) and will con=

sequantly equal: for a distance of 100 meters, L = 18.5 netersy. for & distance,
of 200 meters, L = 38.8 metera; for a dlstance of 400 moters, L = 86 meters,: .
ets. In order to obtain the lead exprossed in a nunber of -iengths, 1t follors
that wo merely divide the linear lead obtained for a _certain distance by the:
length of the fuselage; that i, » = k; . A8 & resuli, for a distance of 100 )

neters wo obtein m « 2,5 for a distance of 200 meters, n ~.5¢ for a ddstance
of 400 aetrrs, n = 11; for a distance of 600 meters, o z 16 lengthe; eto. .*

Let us assumc that 4his tatget is being £irsd on by the gucher of a bombe: [ i

er whose speed 15 approximately 360 ¥m/r.  In this case the distance between . '.,: CHENE

target end the gunner is decreasing at the rate of 55 meters/ses, and . il
over a pavdod of 6 to 7 seconds, the distance has decreased from 600 meters
to0 200 meters. During this iime the gumner must docrease tke mmber of lengthe.; ™
considared as the lead from 16 to 5, diminisching the quantity by 2.5 lengths .
for each 100 meters of decrease in:the distance. . In so doing he.can utilize
all the advantagss of the relation between the distance to the target and the
nunbur of lengths conridered as the lead. ) A

It is corpletely imposeible not to have an error of from 40 percamnt to
‘50 pezcent in determining the distance and sigiting of a lead asawmed to be
16 longths, Noreover, the necessity for the poriodie change of distance to
tho targst and the corresponding dininution in the number of lengths in the
joad present the gunrer with & very great, if nob insurnountablas, bardzhdp,
e thus feal that in the cxample -given, which appears:to be most typical, the .~ . .
average gumner, wable to utilize the anguler method of sighting, would in o
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actual practice fire at will or else fire merely by pointing,
This last conclusion can be suprorted by the following considerations.

In the {irst place, the majority of fighter plames produced by present-
day manufacturers, including even the jet-propelled types, have fusslages of
from 7 to 14 meters long, while the fuselsge length of bombers and grounds-
attack aireraft of the present day varies from ]2 to 30 meters depending upon
the t7pe. fhus, to utilize the fuselage method, it would be necessary for the
gumner to have an especially retentive mamcry merely to detormine the lene:bh
of the enemy eircmrt s ﬁmelage.

v - Thus, the pracuce has arisen of considering the basic fuselage iemgth 7'
of fighter eraft to be 10 meters, and that of bombers 20 meters, which,
naturally, leads to error. )

In the second place, as the maximm speeds of fighter oraft have :'m-

croased up to 700 or 800 m/hr and even taster, the linear lead has alse ine

‘ Ancressed. For example, with & fuselage length of 8 meters at a distance of
600 meters it is necessary to assume nct 16 lengths, which vas the quantity

" - notesgary to assume for a target moving st a speedofsmhn/!m, but & much
greater quantity. Tith the velocity of the target oqual to 700 in/hr, the
lead 43 22 lengths, and with a welocity of €00 km/hr it equals as much as 30
lengths. It is impossible to sight with such a lead without admitting gross
errera, In spite of this, however, at least 500 to 700 meters is comgidered . -
the requisite combat distance. At this distance the gunhers of the attacking ..
bombers open fire while the speed of the enomy is 500 to 600 km/hr. And, a8 .-
far as the fighter pilots are concernod, increasing the speed of the aircraft:
produces a sudden diminution of the attack's duration and conseq\wn'bly rekes . j_‘-i
1f.nooeaaarytoopenfiuonthoenwatdishnceewxgingfmml.oo 3600

In addition, diminution of the dmticmofaarﬂal eombattoas littlaaa
I.or6mndadoeanotaffordthegtmerthetimetodealwiﬂlthaoontinmm-
determination of distance. : : . S

After observing gumers sight.mg :lntrainingwe maysta‘be tbat tbose gun-
ners using the K-8T sight wore much more confident and had far better results
than those uping the OP=-2L sight, with its fuselage-iength method for calecv~ '
lating the lend, even if we disregard the nacessity of have to calculate onets
own speed in utilising the latter. In training, gunners sighted more -
acovrately with toe ring-type sight culibwvated in taousandtha than vith the ... "
fuselage method, even though they had sufficient time for sighting and the prop. . .
lem. of distance could be determined very acem'ately under the gimulated con-;‘ o

ditions of iraining.

As early as the begimning of 1943, we found 1t necessary, in our air unitn,
to measure the angular wvalue on the graduated scale of the OR-2L-type sight in
order to detormine the distance to the target, and mentally to ccnceive the .. ...
visugl fleld cf the OP-2L~type sight in thousandths. We discovered that with °
vorveshortenings of 0/4, 1/4i, ana 2//, the radis operactor gumner sighted much
more effectively with the (PR=2i~type sight (inwhichthereareno lead rings
meagwring the lecd in thousandths) than byadapung the fusslaye method of cal-
culating the lead to this type of eight. Thus, the fuselage method of sighting

we superssied in 1943, UMeanwhile, szweral other sir units kad availed them-
selm of the succosasful results of our imvestigations and experiences in utiiiz-
ing this OP-2i~type sight for firing by the method of angular lcad as a possible
substitute for the fuselago method.

A8 far es the problem of haviag to celevlate distance in aerial combat is
conoerned, we need only introduce tactical considerations. In the first place,

wld -
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.1t is neocesesary. to caleulate the distance fic the point.of -appearance . of ' the' e
enany in the {ield of vision, and then to raleulate the distance for opening

fire, After the first immediate repulse of the attuck, the guner does nod

have sufficient time to correct his distance reading with a sight praduated

for range finding, Thers is only time to readjust whe training of the gum

after each st of fire. : :

II. ' THECRETICAL EVALUATION ¥ ACCITL:NTAL ERR.GRS

‘ Pugachev proceeds.from the hypsthesis tiat the qumner w1l round off the
- valus of the measured distance to the nearest hvndréd meters admitting no )

error groater than 50 meters, He considers all error: within this range to
be problematioally equal. Thus, he clains, with an inwemse of the digtance
to the target, the relative error in ealculatfing the divtance decresses. In
actual practice this 4s not at all true. The greater thy distance, the greiter”
the error the gunner introduces in his calculutiona. Hovever, it appears im-
practical to us to establish a gemeral law foir the distrilution of error in the

. eat:nlaunn of distance in all ranges of acrinl combatb froh 00 metars ta 100
zeters. : :

Lot us examine serial combat invelving tlwee rangus: (%) 700 to 500 meters;
(2) 500 to 200 meteras (3) 200 meters end lees. It will them be nearer %o the T
actual facts to agoume that in the third case the gunnev dBes not introduce ~°° °
any error of absoluts valusormore -than 50 meters in caleculating ‘he distanco, 7.
ard that he wlll round off the value of the distance to tho target vo the neam. .
o8t himdred meters, that is, he will tale eithier 200 meters or 100 titers as.
the distance. GConseguenily, in the third cass we may admit the law o> equal -
probabllity for the distribution of error. In the second cese we 110)sse that EE
the law of distribution of svror in the determination aprrosches Gaussts Law - KON
and that an erroxr greater than 100 meters is not very prebeble, In the “4rst R
case we also assert that tho ddetribution of error conforms to Geuss's Lev, .- . -
hich shows that an error of more than 150 meters has little probability, '

Computotion of the problematicsl deviations during anaiysis of the verims
metholo of aiphting will permit us to determine sccurately within which of th.
above-mentioned ranges of distence a comparison can be wadee s e e

Accarding to Geuss‘s law, a devia%ion of tho point of impact from the' ' . -
ocenter of dispersal greater them four times the probable error is considered
practically impossible.  Having determined a maximim error of 150 moters in tha, '
£irst case and dividing it by 4, wo obtain the sise of probeble error in cal- =
culstirng the distance: in the first case E = 37.5 meters, and in the second cass '’ . ':
4B « 100 meters und E = 25 meters, : S : v

Pugachor does not point out the otker specific accidental errors of the .. "
fusclage method, This is the key to his arroneous deduction concorning the ad~ - .
vantages of the fuselage method of calculating lead over caleulation by angular. .
loaed in thousandths,

Thergamer always introduces a systematic error ih computing the distance.

Actually, the moment he has caloulated the distance to tha target ke must come
pare a certain mumber of lengths withk it, plot them from the noso of the target -
e, and depress the thumb trigger. In this way, from the momwnt the distance
tothetugetisdetmmedtothammentofﬁringthmisalapaeofat
least 0.5 seconds. During this time the distance has decreased 30 to 40 meters.

Pugachev later remarzki, shat the gunnei-, in dstormining tte dislance, plots
the exect mmber of lengths corresponding to the computed distance. Setting .

w5
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...aplde, the coheiderntions. cited earlier concerning. the great diffieulby Ine . ... .o i ninolh
herent in calculating the linear leed in fuselage lengths, we shall cite : S i
still another complotely unavoidsble error characteristic of the use of the
fuselage method. The gumner is not able to plot the exmct mmber of lengths -

{n) corresponding %o the distance he has caleulated. Error in the mumber of
lengths plotted is inevitable since 1% ia impossible to plot the exacl num~
ber of lengths by eye and, in addition, tho fusclage length of the target
cveft depands on the position of the gumher. I% is prectically impossible to
give a law for the distribution of this error which would hold true for all
digtances of serial combet. In this ecase it is much moxe apprepriate to pro-~
pose the existence of lawms of distribution similar to Geuss's lew, with ver-
1ous probedble deviations depending upon the various ranges of aerial cotbat,
12t us base our ohservetions on the seme cages cf aerial combat vhich we
utdliced above, If & target Tighter craft héis & mpeed spprosching 600 kay'hry
then in the first case-~at Qistences up to 500 meterge-the utilization of tho
fosslage method is not generelly expedient since one must plot more than 16
lengths, & provess difficult to carry out even with great error. In any case,
an error greater than 10 fuselager would not be practical. In this case the
probable error is 2.5 F.

In the second case assuming six fuselages ss the maximum possible error,

we derive the probable error £ = 1.5 F. In tho %hird case assuning three
fuseloges as the meximm possible ervor, E = 3/4 F.

Lot us pees on to the determination of the lover level of the probable
error for firing with a ring-type sight. Fugachev asserts that the gumer.... .
fean round off the value for sin q in imtogral fourths without introdueing ..
errors in the value for ein g, greater than the absolute valus of 1/8.% It
is pot necessary to argus this point as ¢he more or less experienced gunner
will not introduce an arror greater than a foreshortening of 1/8.  Then the
mena gquare deviation of the sine of the target angle conforms to the law of . -

1 s S . g

gimiler probability xzq JT‘-I-;__- 20,072, and the comventional, corrected :: '
srobable. error Eq - 2 * (317%0‘049. We do mot £ind greater specific en.

rors in £iring with tbe visuwl ring-type sight. In this case the gunner is in
ro way impeded in plotwing {vAtk the ring-typa sight) tne mmber in thousandths
earresponding to the fareshortenivg of the target, since the sight's ring 1o
calibrated for typical speeds and foreshortenings of fighters and bombers, -

We heve investigated errors in the measirement of several factors which . . i+
determine the guide points for sighting at an ememy aireraft. Ve areslso ' ... -
Jutercoted in the total dlspersion. Ia order to celculate the latter, we can - ...l
wtilize t5s rinciries wnish constitute levs on She distribution of sacidental - oiv:':’
wvalues. Since we have assumed that the errora arising {rom galoulating war- ... .0
sous factore conform to Geuss's law, and that in those ingtances vhere the law . - .
of equal protebility is encountered we introduce the concept of the coavantion-
al, reduced probable ermr, then, comsequently, we have a perfect right to om-'
ploy the sufficlently adequate formula vhich constitutes Geuss's Law. .. Y

- o are forced to obsérve that this method. is fer from perfect and that .

1t 40 not completely capable of representing the actunl value of dispersiom,
since that depends upon the mutwal jndependence of all component laws and doou
rot teke into accomnt the emergence of systematic errors. As a matter of fact,
independence in the determination of the deduced factors for the caloulation

of the sighting peint does not exist in serial combat. TFor example, it iz clear
that errors in comuting the walue for distance produce 211 ‘he other errors
which srise in calculating the deduced factors. The greater the distence, the
greater the error will be ir cozputing its value, the preater the exrer in the
mwber of lengths plotted, the more difffcult 3t will be to identify the ememy

aireraft, determine ito speed, over-all dewensions, etd. -
-6 '
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: Yoreover; we have onitted from owr account those important COMPONENBE. - it i . T
_related to slownoss of the mmner's roflexsd, the conditions of aerial come
g:;,fatmnaph‘sric conditions for the Fresent, the theory of aer-

W must also note that the mast
beble errcr ig by meaguring the re
varying conditions, Howaver, the

natural weans of dﬂtmining total pro-
sults of exporimental firing under widely
difficulty inherent in this approach is

Let us pase on to the g

erivation of formilas deal. with probebl
2er in dispersion e

8 o~ :
with the _fusglage mothod for ealonlating lead, C E

II. THEORETICAL CQUPUTATION OF DISPERSION
WITH THE FUSELAGE FETHOD (F CALCULATING LEAD

In presenting briefly the mothod for computing total probable orToY wWe
% Comrads The technicagl dispersion 7, is reprs~
sented by a oircle, determining the get g
phmafﬂightisdea&mtedas RDispers dwtoimccumcyinde -
nining the target s velocity iu de g It i ovident that the
probable errors o;tl‘ s B _and or both conparative methods -
R ;

X axis 10 described
triangle with the
ting linear lead ﬂ'ﬂ("q{g o
. . S B Jo.
The Unear lead 1s, ”’“‘m":mreaseﬂbythefomﬂ#:_" Ry
. ) L:vtsat:vi—enap‘

Dnatoanenvrinneaal!ringdiéta
ror in the determination of linear lead

»

ncé, the gunnar alse introduces an efQ i

Vee
(L4 41) =-5=( + 4p),
mmmemrinthelinearleadmlbo

- D .
. .
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) hojecfdngthiamoron_thexmwevrillhevet_ F : :

- ts Ve
XAD ;;;—An.gin(qy[/)?v;i—mq.am

V.
ts
w »== gin q
V ver

L T T R ST S S g :
wl WO OUuEin a functionsl relation between the
the linear lead and the error in distance:

X~ - xdip= ¥ 4D,

Probabilisy gives us th ; o (
e il p&‘ohable’ a8 réf m@t of mich a funotionsl relabion,
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.. ProJecting this srror.on the X, axis, we obtain:. ... - T A e

. - D .
xv-ta-'.‘-‘pr « X 6%52 ﬁ;; ainq ., AV‘bB" .

Multiplying the aumerator and denominatos by Vs and dnterpolating the angle
of lead W, we obtain . . _

wD
Mte — ",B . EvtB°

To obtain the total probable error we use the thoory of the law »f distribubicn
of the sur of several indrpendent, accidental, valuss thich econform to Gauas’s
lew, The ultimate law will thus be Gauss's and the total probable error vill
give the formula: i . ’

2 \

‘ . i

n"-;L, E;”, where 7:1, 2,...n.
1.2 . .

In our casc thes total probabie crror clong the X axis, when utilizing
the fusolage method of computation, iz expressed by the formmila:

. “we 2. i
B2 e 22t ELS 2 au:?j.: Hye "vg'if") Pl
whexe all probable errors are expressed in angulsr measurement;. ) \

The dispersicn along the Y axis duo to inaccurato calculstinn of the =
plamdmghtofthotargqtiadetwmdaashminFigIneS. it

Iat us project the linear load on the X axis: '
v " Vig L
PP o XL =—e= D ain (qf)v)a-nrsinq?l)wo T
\ v o . Yar R g

Then the exror dus to inaecuracy in caloulating the plane of m%fé“ would"

bo!-:.—.hguAS,whoncsEy8=leEé,orexpresaedaaanangle
mmwmﬁmﬂhnmme!aﬂsawasx"
Eyb a PO »
-l-’—-: \/ET*!-V E°S .

flu senlaxes of the dispersion cllipne -conforming to Gaussts law will be
oqual to:

:VES’\

’d-l,l'}x
baLEy‘
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Formula (1) does not differ from the ome obtained ir Pugachev's work

only by the prepence of the texm (B}”-f) sin q. . In thie formula the term (B,)2
ip sbsent. Iu Pugaciev's work, B 1s the probable srror resulti.g from ir.
accurasy in plottirg the line of sight or elee the angulsr probable arzor in-
training, This tern is found, without excepiion, in a1l formulas dealing with
total probablo orxcr and apparently explains why the qumner, in calculating
the location of thn point of sight in the aﬂg:tug dev:lce, 13 uuable to loeate"“
the target accurat:ly with it.

It is clear that meither the fuselnge method of caleuleting lead nor the
method of: sightiry with a ring-type eight has eny characteristic errors along -
the Y axis vhich mould give one an advantage over the other, Howaver, let us
suopose that the orror reprerented as 4 & depends in great moasure on the . -
direction of flisht of .he attacking or the attacked alreraft in relation to
the gumer's alrcruft. As a matier af fact, both the means of sighting de-~
scribed ty us demmd that the aeriel gumaer accurataly locate the axes of the
fusalage o' the memy aircraft in the center of the sighting device. 4% the -
same time the ersmy aircraft usually, and perticulerly when approaching for
attack, moves, 1. relation to the gummer, 5n such fashion that the vieswmal
moyement of the iircraft rarsly if ever corresponds to the position of ita
fuselage. This results in large errors especiaily wdien £iring fron movable
installations #ad whon concentrating fire in the rear hemisphere. The gumur
inatinotd . cly 'dshes 42 locats the visel mivement of the target in the eemter
of the sight gad not the position of its fuselage, which 1s very often Qiffd- ..
oult to deterdne with the naked eye.

The moviie of ddsperaion utdldsed by Pugachev do not show the effects of -

relative movment of the targot upon accuracy o sighding vhile d:l.recting fire
in en au-:w encounter.

V. mmmtc.ubmnm O DICFERSION -
- IN FIXING TTH & RING-TYPE SIGHT

m-z' in the ioad cngle Lnu mboemrinaalcnhtmg the terget ugloA
8in q Js equal to Aw -v—'-Aainq,byﬂhichthelineararroralong

-10 -
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“-tho Traxio willvaprroxinately equal:™ XD 4 W=D vt‘f Asin q.
;o Vgp -

Consequantly, the rrobable error along the X axis owing to inacouracy
7. .
in caloulating the target’s foreshortening will be Eyg =D .;;f Eq (Figure. 4),
, sr

and ve can obtain the totel probeble error with the error of calculation in
iing the epoed of the target by the formula: i
o Vi, By
- S LN A B a
~'f;‘-°_ E.,.-I-(v-s;) Eq"+~ ¥ (q;:),_\

where the pféﬁéblé erior is proportional to the distance. Diépersion aleng
the ¥ axis is expressed by tiie same formla as for the fuselage method,

V. CQMPARISON 'F THE FUSELAGE !EIHOD GF SIGHTING WITH THE
RINGWTYPE SIGHT FROM THE VIEWPOINT (F ACTUAL FYRING

We have now only to compare, with examples, the ring-type method of
sighting with the fuselsge mothod. In order tha® he ray at once convince the
reader of the obvious advantage of tlio fuselage method, Pugachev solves the
3 target angls equal to mero. Imssmuch as the form~: e

ula for the total dispersion with tho fuselage method, as presented by o
Fugachav, does not contain a term which is related to Algy bub obvionely ‘one. ':

. Telated to sin q, ws quickly obtain mintmm dispersior aleng the X axis in @

- the case where q & 0. At tho game time, in gpite of the fect that the walus.
of the target angle equals sero, the rormula of totel digperaion for a cams . -
of sighting with a ring-type aight clearly points out a fundamental error in. .-
caloulating a foreshortening equal to 1/8 We are forced L e
that the example inwhicbqﬂoiamtmpreaentatimanddoeamtarforda T
conmon ground for comparing the methods of sighting. The reason for this is 7.\ . -
as follows: vith target angles deviating from O to 5-7 dagrees end from 180

.73 degrees, the gummer can use mo othar means of sighting than firing . i

by mere training of the weupon, Any aerial gumner. will testify to this fact. ' 2
Consequently, ih begimning to compare tho two mothods 1t 1s necessury that the. .. :
targ?: angle. q equel 15 degresn, thet in to say, there must ve a foreshorteming : .
of 1/4. ‘ L

In this fashion one might cite a wholo series of examples of celculating ;
total probuble error in both means of alghting and, comparing them for the
they satialy various <iring conditions, docide upoxn the effi-
clancy of this or that method, The question of the advantages of one of the . .
two mothods cited ie solved, naturally, by the use of that ome whose specific . .
errors are least encomntered, . : :

It 1s pecossary %o study these caloulations 4r order to see whether math-
ezatice, utilising more justifiable practical formulae, gives greater adwan-. '
" tages to the fuselage method of caloulating lead. For our part, actual aerial
£iring solved in prirciple the problem concernlng the advantages of the method
of sighting with the »iwp-type sight in thousandths as compared vith the fuse-~
1age mathed, . ; )

¥e shall not investigate the metlod of sighting based on.& calculation
of the relative movsment of the tavget aircraft. The dovelopmemt of contem~
poary &viation ungineering permits us to.reosrt they aigits of new design -
will salve this problem autonatically. - e e e
‘ C .ED .
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